Introduction
Acetone and chloroform are extremely important solvents in the chemical industry, especially in the medical field. It is difficult for conventional distillation to separate them because acetone and chloroform attract each other, forming hydrogen bonds and producing a maximum-boiling azeotrope [1] . In various techniques of separating the azeotropic system, extractive distillation is commonly used in industry and a suitable entrainer is crucial to the process of separation [2, 3] . Luyben [4] studied several solvents to separate the acetone-chloroform system and found that dimethyl sulfoxide was an appropriate extraction solvent.
Compared with traditional entrainers or inorganic salts, ILs have some characteristics, e.g., non-volatility, tunable solubility for many organic compounds, good stability, and so on [5] . In this study, [MMIM] [DMP] and [EMIM] [DEP] were applied to separate acetone + chloroform binary azeotropic system as entrainers. The VLE data for the ternary system containing [MMIM] [DMP] or [EMIM] [DEP] were measured at 101.3 kPa. Meanwhile, the NRTL model was utilized to correlate the VLE data.
In order to study the mechanism of ILs as entrainer, it is important to clarify the interactions between ILs and solvent molecules. Quantum chemical calculation is a means to study the interactions between ILs and solvent molecules [6] [7] [8] . In this work, after geometry optimization and frequency analysis calculations, the intermolecular energies were calculated with DFT, basis set superposition error (BSSE) correction, and zero-point energy (ZPE).
Apparatus and Procedure
The VLE data were measured by a modified Othmer still at 101.3 kPa. The detailed description of this apparatus can be found in reference paper [9] . The VLE experiments were analyzed by a gas chromatograph (GC7900, Techcomp, Shanghai, China) equipped with a GDX-102 column (2 m × 3 mm) under pressure (0.1 MPa) of the headspace sampler and a TCD detector for which the carrier gas is H 2 . The oven temperature, the injector temperature, and the detector temperature were 433.15 K, 453.15 K, and 463.15 K, respectively.
In order to quantify the amounts of acetone and chloroform, a calibration curve was obtained from a series of gravimetrically prepared standard solutions by an electronic balance with an uncertainty of 0.1 mg. The content of IL in the liquid phase was calculated by measuring the mass difference of the samples with and without IL. The VLE data were measured by GC only if the VLE temperature stayed constant for at least 30 min. Each sample was analyzed 3 times to eliminate the error. The maximum uncertainty of the mole fraction of acetone and chloroform is ±0.002. In the laboratory, the VLE pressure was measured by a mercury manometer with an uncertainty of 0.01 kPa. The VLE temperature was measured by a precisely calibrated thermometer with an uncertainty of 0.1 K. According to the method provided in the literature [10] , the temperature of the boiling point under actual pressure was corrected to the temperature at standard pressure (101.3 kPa).
Results and Discussion

VLE Data
In order to check the reliability of the apparatus, the isobaric VLE data of acetone and chloroform were obtained at 101.3 kPa. The binary VLE data compared with literature [11] are given in Table A1 in Appendix B and Figure 1 . It can be seen that the experimental data are consistent with those values in literature. Therefore, the apparatus is reliable for measuring the VLE data of the ILs-containing systems. 
Materials and Methods
Chemicals
Acetone and chloroform were purchased from Beijing Chemical Reagents Company (Beijing, China). The mass fraction of acetone and chloroform were higher than 99.5% checked by gas chromatography. The ILs ([MMIM] [DMP] and [EMIM] [DEP]) were made in our laboratory and the mass fraction higher than 98.0% checked by 1H NMR. In order to remove the volatile impurities and water, the ILs were dried in a vacuum rotary evaporation (2 kPa, 393 K) for 48 h. The mass fraction of water in ILs was below 0.05% examined by Karl Fischer titration. In addition, the used ILs were recycled in the same way after experiments.
Apparatus and Procedure
The VLE data were measured by a modified Othmer still at 101.3 kPa. The detailed description of this apparatus can be found in reference paper [9] . The VLE experiments were analyzed by a gas chromatograph (GC7900, Techcomp, Shanghai, China) equipped with a GDX-102 column (2 m × 3 mm) under pressure (0.1 MPa) of the headspace sampler and a TCD detector for which the carrier gas is H2. The oven temperature, the injector temperature, and the detector temperature were 433.15 K, 453.15 K, and 463.15 K, respectively.
Results and Discussion
VLE Data
In order to check the reliability of the apparatus, the isobaric VLE data of acetone and chloroform were obtained at 101.3 kPa. The binary VLE data compared with literature [11] are given in Table A1 in Appendix B and Figure 1 . It can be seen that the experimental data are consistent with those values in literature. Therefore, the apparatus is reliable for measuring the VLE data of the ILs-containing systems. The VLE data for the ternary systems of acetone (1) Tables A2 and A3 in Appendix B, where x 3 is the mole fraction of IL in the liquid phase, x 1 is the mole fraction of acetone in the liquid phase without ILs, y 1 is the mole fraction of acetone in the vapor phase, y 1cal is corrected by NRTL, and T is the equilibrium temperature. The activity coefficients γ i and the relative volatility of acetone to chloroform α 12 are calculated as follows:
(1)
In Equations (1) and (2), γ 1 and γ 2 are the activity coefficient of acetone and chloroform respectively. x i and y i represent the mole fraction of component i in the liquid phase and vapor phase, respectively. P is the system pressure (101.3 kPa). P i S is the saturated vapor pressure of pure component i. In addition, P i S are calculated by Antoine equation and the parameters of Antoine equation can be obtained from literature [12] .
Modeling Results
In 1968, Renon and Prausnitz [13] proposed the NRTL model, which was suggested by most authors to correlate the data of ternary VLE containing IL [14] [15] [16] . Thus, the experimental VLE data for acetone + chloroform and acetone + chloroform + ILs systems were also correlated by the NRTL model. The binary interaction parameters in the NRTL model were regressed by minimizing the function OF.
The correlated results are listed in Table 1 . The ARD (see Equation (4)) is the average relative deviation of the experimental and predicted mole fraction of acetone in the vapor phase.
where n is the number of experimental data points. According to the regressed parameters of NRTL model, the mole fraction of acetone in the vapor-phase was calculated. After the VLE data were measured and calculated, the y-x diagrams for the ternary systems acetone + chloroform + It is observed that with the increased content of ILs, the values of γ1 increased and γ2 decreased over the whole range of studies. Therefore, the effect contributes to the increase in the relative volatilities and removes the azeotropic point. It is observed that with the increased content of ILs, the values of γ 1 increased and γ 2 decreased over the whole range of studies. Therefore, the effect contributes to the increase in the relative volatilities and removes the azeotropic point.
Quantum Chemical Calculations
In order to find the global minimum energy geometry, several initial configurations were optimized and their final energies were compared using the method of quantum chemical calculations. In this work, all initial configurations were optimized at the B3LYP/6-311++G** level with the Gaussian 09 software package [17] .
After the geometry optimization, the intermolecular energies were calculated with DFT, basis set superposition error (BSSE) correction and zero-point energy (ZPE). In this way, the lowest energy geometry can be approximated as the global optimal geometry. The interaction energy was calculated via Equation (5) ∆E(AB) = E(AB) − E(A) − E(B) + BSSE (5) where E(AB) is the energy of the A-B complex and in the case of this work is IL-acetone, IL-chloroform, or the cation-anion complex. The lowest energy geometries are shown in Appendix A, and the interaction energy of those geometries is shown in Table 2 . In addition, we can judge whether hydrogen bonds are formed by means of literature [18] . 
Conclusions
The VLE data for the two systems of acetone + chloroform containing 
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Appendix A
The structures were optimized by quantum chemical calculations. When the bond length of H···O is less than 2.72 Å and the bong angle of C-H···O, it is considered that the hydrogen bond is formed [18] .
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When the bond length of H···O is less than 2.72 Å and the bong angle of C-H···O, it is considered that the hydrogen bond is formed [18] . 
Appendix B
Vapor-liquid equilibrium data of Figures 1-3 . Table A1 . Vapor-liquid equilibrium data for the acetone (1) + chloroform (2) 
Vapor-liquid equilibrium data of Figures 1-3 . Standard uncertainties u(x 1 ) = u(y 1 ) = 0.002, u(T) = 0.1 K, ARD =1.8193%. Standard uncertainties u(x 1 ) = u (y 1 ) = 0.002, u(T) = 0.1 K, ARD =1.7948%.
